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ABSTRACT 


This  investigation  provides  roll  motion  predictions  and 
an  antiroll  tank  evaluation  for  the  United  States  Coast  Guard 
300-foot  Icebreaker  (WAGB)  design.  These  predictions  were 
made  for  the  WAGB  design,  using  a  modified  three-degree-of- 
freedom  linear  roll  theory  which  recognizes  the  nonlinear 
roll  damping  moment,  in  conjunction  with  the  David  W.  Taylor 
Naval  Ship  Research  and  Development  Center  Antiroll  Tank 
Facility.  The  antiroll  tank  investigation  considered  various 
water  depths  and  tank  dimensions.  The  results  indicate  the 
installation  of  the  antiroll  tank  will  assure  a  significant 
reduction  in  the  RMS  roll  during  the  ship  transits. 

ADMINISTRATIVE  INFORMATION 

This  work  was  performed  by  the  staff  of  the  Ship  Performance  Department,  Code 
1568,  of  the  David  W.  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC) . 
Finding  was  provided  by  the  U.S.  Coast  Guard  under  MIPR  Z-700099-75185  and  is 
identified  as  Work  Unit  1524-653. 

INTRODUCTION 

The  preliminary  and  final  ship  particulars  for  the  WAGB,  as  designated  for  this 
investigation,  are  given  in  Table  1,  with  the  body  plan  presented  in  Figure  1.  The 
purpose  of  this  study  was  to  perform  preliminary  roll  tank  design  calculations, 
observing  any  design  constraints  from  the  Coast  Guard,  and  evaluate  the  design  and 
determine  optimum  water  depth  and  tank  proportions.  To  do  this,  a  series  of  water 
depths  and  tank  proportions  were  investigated,  using  the  DTNSRDC  Antiroll  Tank 
Fac ility. 

Roll  predictions  for  this  investigation  were  made  using  a  roll  prediction 

1  2* 

methodology  developed  at  the  Center.  The  ship  lateral  motion  dynamics,  i.e., 

roll,  sway,  and  yaw  motions,  make  use  of  speed  dependent  hydrodynamic  coefficients 
appropriate  to  the  ship  natural  roll  frequency,  and  also  recognize  the  dependence 
of  the  roll  damping  hydrodynamic  coefficients  on  the  magnitude  of  the  roll  rate. 

Roll  motions  for  the  WAGB  hull  design  in  its  preliminary  ballast  condition  and 
the  hull  fitted  with  the  preliminary  antiroll  tank  are  presented  for  a  ship  speed 
of  14.5  knots  in  short-crested  seas  with  significant  wave  heights  of  5.5  meters  for 
modal  wave  periods  from  7  to  15  seconds  (7,  9,  11,  and  15  seconds)  for  relative 


*A  complete  listing  of  references  is  given  on  page  5. 


wave  headings  of  30,  60,  90,  and  120  degrees  (180  degrees  is  head  seas) .  A  range  of 
water  depths  (0,  0.762,  1.295,  and  1.829  meters)  and  tank  proportions  were  investi¬ 
gated  for  the  preliminary  conditions.  The  same  water  depths  were  investigated  for 
the  final  conditions  as  well  as  some  tank  geometry  variations.  Roll  motions  for  the 
final  ballast  conditions  and  antiroll  tank  are  presented  for  ship  speeds  of  5  and 
12.5  knots  in  short-crested  seas  with  significant  wave  heights  of  3.66  and  9.14 
meters  for  modal  wave  periods  from  7  to  17  seconds  (7.00,  9.56,  15.12,  and  17.00 
seconds)  for  the  same  relative  wave  headings  as  in  the  preliminary  case. 

Model  experiments  were  carried  out  at  the  Center  to  determine  the  preliminary 
WAGB  roll  decay  coefficients  at  ship  speeds  of  0,  5,  10,  14.5,  15  and  20  knots. 

These  coefficients  are  compared  here  with  the  predictions  made  at  the  Center  which 
were  used  in  this  investigation. 

ANTIROLL  TANK  CONFIGURATIONS 

The  antiroll  tank  notations  are  shown  in  Figure  2  with  the  preliminary  and 
final  WAGB  tank  particulars  given  in  Table  2.  The  WAGB  tank  designs  assumed  the  use 
of  sea  water  as  the  working  fluid.  The  model  antiroll  tank  was  constructed  of  alumi¬ 
num  with  a  scale  ratio  of  12.  The  dimension  variations  studied  were  accomplished  by 
the  use  of  appropriately  sized  wooden  inserts. 

ANTIROLL  TANK  EVALUATION  PROCEDURE 

To  utilize  the  roll  prediction  methodology,  it  is  necessary  to  determine  a 
valid  prediction  of  the  roll  decay  coefficients  associated  with  the  hull  form  in 
question.  A  technique  for  doing  this  has  been  developed  at  the  Center.  These  pre¬ 
dictions  were  made  for  the  WAGB  and  are  compared  in  Figure  3  with  experimental  data 
for  ship  speeds  of  0,  5,  10,  14.5,  15  and  20  knots.  The  predicted  roll  decay 
coefficients  were  used  in  this  investigation  as  a  result  of  their  close  or  reason¬ 
able  agreement  with  the  experimental  data. 

The  WAGB  antiroll  tank  was  installed  on  the  tilt  table,  which  has  the  capa¬ 
bility  of  being  oscillated  in  roll  and  sway.  Time  histories  of  predictions  of  the 
wave  excited  roll,  yaw  and  sway  moments  and  forces  for  the  WAGB  were  input  to  the 
three-degree-of-freedom  equations  programmed  on  the  analog  computer.  The  output  of 
this  analog  computer  was  used  as  input  to  drive  the  tilt  table  and  the  resulting 
tank  moments  and  forces  were  input  to  the  analog  computer,  resulting  in  the  stabi¬ 
lized  roll  predictions.  For  the  unstabilized  prediction,  the  drive  signals  to  the 
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tilt  table  were  decreased  to  zero  effectively  removing  the  tank  from  the  system. 

The  speed  dependent  hydrodynamic  coefficients  used  for  the  ship  roll,  yaw  and  sway 
equations  programmed  on  the  analog  computer  were  selected  for  the  WACB's  natural 
roll  period  and  were  therefore  constant  with  frequency.  The  roll  damping  coefficient 
was  modified  to  account  for  nonlinearities  associated  with  dependency  on  the  magni¬ 
tude  of  the  roll  rate.  The  WAGB  antiroll  tank  could  then  be  evaluated  for  the 
conditions  of  interest  and  the  water  depth  and  tank  dimension  variations  could  be 
investigated . 

RESULTS 

The  results  of  the  WAGB  antiroll  tank  evaluation  are  presented  in  Figures  4 
through  11.  The  initial  phase  of  this  investigation  was  carried  out  for  a  prelimi¬ 
nary  set  of  ballast  conditions  and  tank  dimensions,  with  the  results  presented  in 
Figures  4  and  5.  In  order  to  properly  evaluate  the  preliminary  antiroll  tank 
design,  an  optimum  water  depth  and  set  of  tank  dimensions  had  to  be  determined. 

First  the  water  depth  was  examined  for  the  two  sets  of  tank  widths  and  throat 
lengths  for  a  ship  speed  of  14.5  knots  (preliminary  transit  speed)  in  beam,  short- 
crested  Bretschneider  seas  with  a  significant  wave  height  of  5.5  meters.  The  tank 
dimensions  were  then  varied  and  compared  with  the  unstabilized  WAGB  for  the  same 
sea  conditions  and  ship  speed.  Four  modal  wave  periods  of  7,  9,  11,  and  15  seconds 
were  investigated  in  each  case  for  this  significant  wave  height  and  the  results  are 
presented  in  Figure  4.  It  may  be  seen  here  that  a  half-full  (1.295  meters)  tank 
generally  results  in  the  best  performance;  however,  good  performance  is  shown  over 
the  range  of  depths  examined  (0.762,  1.295  and  1.829  meters).  Figure  4  also  indi¬ 
cates  that  the  preliminary  tank  dimensions  (B^  “  18.0  m  and  d  ■  4.27  m)  exhibit 
better  performance  than  the  other  variations  investigated.  The  balance  of  the  pre¬ 
liminary  evaluation  was  then  carried  out  for  the  selected  preliminary  tank  design. 

The  balance  of  the  WAGB  preliminary  antiroll  tank  evaluation  was  done  with  the 
tank  half  full.  The  results  of  this  evaluation,  which  are  presented  in  Figure  5, 
are  for  ship-to-wave  relative  headings  of  30,  60,  90,  and  120  degrees  for  a  ship 
speed  of  14.5  knots  in  short-crested  (+90  degrees  cosine  squared  spreading  function) 
Bretschneider  seas  with  significant  wave  height  of  5.5  meters  and  modal  wave  periods 
of  7,  9,  11,  and  15  seconds.  It  may  be  seen  here  that  the  tank  significantly 
reduces  the  RMS  roll  for  the  conditions  examined. 
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The  evaluation  of  the  final  antiroll  tank  design  for  the  final  ballast  con¬ 
ditions  for  the  WAGB  is  presented  in  Figures  6  through  11.  First  the  fluid  depth 
and  tank  dimension  variations  were  examined  for  a  ship  speed  of  12.5  knots  (final 
transit  speed).  The  water  depth  variation  is  presented  in  Figure  6  for  beam,  short- 
crested  Bretschneider  seas  with  a  significant  wave  height  of  3.7  meters  with  four 
modal  wave  periods  of  7.00,  9.56,  15.12,  and  17.00  seconds  for  the  same  depths  as 
in  the  preliminary  investigation.  Again  little  variation  in  the  results  is  demon¬ 
strated  over  the  range  of  water  depths  examined.  Figure  7  presents  the  results  for 
the  two  tank  throat  lengths  examined  for  the  range  of  modal  wave  periods  investi¬ 
gated  for  beam  seas  only.  Very  little  difference  can  be.  seen  in  the  two  throat 
lengths  considered;  however,  the  final  design  is  slightly  better. 

The  balance  of  the  WAGB  final  antiroll  tank  evaluation  was  done  with  the  tank 
half  full.  The  results  of  this  evaluation,  which  are  presented  in  Figures  8  through 
11,  are  for  ship-to-wave  relative  headings  of  30,  60,  90,  and  120  degrees  for  ship 
speeds  of  5  and  12.5  knots  in  short-crested  Bretschneider  seas  with  significant  wave 
heights  of  3.66  and  9.14  meters  and  modal  wave  periods  of  7.00,  9.56,  15.12,  and 
17.00  seconds.  Presented  in  Figure  8  are  the  results  for  a  ship  speed  of  5  knots 
and  significant  wave  height  of  3.66  meters.  The  7-second  modal  period  indicates 
some  destabilization,  however,  the  RMS  roll  is  small  enough  as  not  to  present  a 
problem.  The  remainder  of  the  modal  period  range  shows  a  significant  reduction  in 
the  RMS  roll  for  the  final  antiroll  tank  design.  The  results  for  the  same  signifi¬ 
cant  wave  height  for  a  ship  speed  of  12.5  knots  are  presented  in  Figure  9.  Again 
very  slight  destabilization  is  seen  at  7-second  modal  period,  howTever,  only  for 
a  heading  of  120  degrees.  The  tank  remains  quite  effective  for  this  speed  as  well. 
Figures  10  and  11  present  5.0-  and  12.5-knot  results  for  a  significant  wave  height 
of  9.14  meters.  The  same  trends  as  in  the  3.66-meter  significant  wave  height  are 
seen  for  9.14  meters  with  the  tank  exhibiting  quite  good  stabilizing  characteris¬ 
tics. 


CONCLUSION 

The  installation  of  the  antiroll  tank  on  the  WAGB  would  help  assure  a  much 
more  tolerable  roll  motion  during  ship  transit. 
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Figure  3  -  Roll  Decay  Coefficients  for  the  WAGB  at  the 
Preliminary  Ballast  Condition 
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Figure  4  -  Preliminary  Ballast  WAGB  RMS  Roll  Variation  with  Tank  Fluid 
Depth  and  Modal  Wave  Period  for  Various  Tank  Dimensions 
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Figure  6  -  Final  Ballast  WAGB  RMS  Roll  Variation  in  Beam  Seas  with 
Water  Depth  for  the  Final  Tank  Selection 
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Figure  7  -  Final  Ballast  WAGB  RMS  Roll  Variation  in  Beam  Seas  with  Modal 
Wave  Period  for  Two  Tank  Throat  Lengths 
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Figure  10  -  WAGB  RMS  Roll  for  the  Final  Tank  Selection  and  Ballast  Conditio 

in  Short-crested  Significant  Wave  Height 
of  9.14  Meters  at  5. 
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TABLE  1  -  SHIP  PARTICULARS 


Preliminary 

Final 

Displacement,  A  (tonnes) 

6521 

6804 

Length  Between  Perpendiculars,  Lpp  (meters) 

84.16 

84.16 

Beam,  B  (meters) 

19.32 

19.35 

Draft,  T  (meters) 

6.989 

7.212 

Metacentric  Height,  GM^  (meters) 

1.634 

1.225 

Natural  Roll  Period,  T,  (seconds) 

<)> 

12.64 

14.56 

Center  of  Buoyancy  Below  Metacenter,  BHj,  (meters) 

4.645 

!  4.523 

Block  Coefficient,  C,, 

0.56 

0.56 

Midship  Area  Coefficient,  C^ 

0.92 

0.92 

Longitudinal  Center  of  Gravity,  LCG  (meters) 

40.63 

40.67 

Vertical  Center  of  Gravity,  KG  (meters) 

6.983 

7.397 

TABLE  2  -  TANK  PARTICULARS 


Preliminary 

Final 

D  (meters) 

4.877 

4.877 

Bt  (meters) 

17.98 

17.07 

b  (meters) 

10.97 

10.97 

d  (meters) 

4.267 

3.810 

H  (meters) 

2.591 

2.591 

h  (meters) 

1.295 

1.295 

Keel  to  Tank  Bottom  (meters) 

15.09 

15.37 

F.P .  to  Leading  Edge  of  Tank  (meters) 

33.89 

- _J 

38.71 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY.  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BY  CASE 
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